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1
IMMUNOASSAY INCUBATION DEVICE

This is a continuation-in-part of application Ser. No.
741,369, filed 6/5/85, now abandoned.

BACKGROUND OF THE INVENTION

The invention relates to devices and methods for
homogenizing solid or semi-solid compositions and for
performing solid phase immunoassays on the resultant
homogenate. The invention is particularly useful for
homogenizing fecal samples and detecting specific ana-
lytes therein.

The invention is employed for the analysis of a class
of solid and semisolid compositions which include a
mixture of extractable and unextractable components.
The extractable components of such compositions may
include one or more soluble or particulate analytes
which, when isolated, can be analyzed using prior art
solid phase immunoassay technology. Within the class
of solid and semisolid compositions are included fecal
materials; sludges; a variety of cellular materials, e.g.
ground meat and vegetable matter, biopsy and necropsy
samples, sputum, and cell scrapings from various tis-
sues; and a variety of other biological and environmen-
tal materials. A number of compositions within this
class are difficuit to handle because they are noxious
and/or hazardous. Each of these solid and semisolid
compositions may potentially contain one or more ex-
tractable analytes having clinical or commercial signifi-
cance. Examples of extractable analytes include many
infectious organisms, toxins, pesticide or other chemical
residues, drugs, cancer markers, nutritional compo-
nents, and many others.

A prior art solid phase immunoassay for detecting
occult hemoglobin in fecal material is described in U.S.
Pat. No. 4,427,769 (Adlercreutz). Adlercreutz describes
a two step process for detecting occult hemoglobin: 1.
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One side of a filter paper is contacted with a sample of 4

fecal material for absorbing occult hemoglobin and
passing occult hemoglobin to an absorbant which
contacts the opposite side of the filter paper; and 2.
After having absorbed occult hemoglobin, the adsorb-
ant is then transferred to an assay vessel for desorbing
the hemoglobin and performing the solid phase immu-
noassay. Adlercruetz’s process discloses a method for
maintaining a separation between unhomogenized fecal
material and solid phase immunological reagents. Be-
cause the fecal material of Adlercreutz’s process is un-
homogenized, much of the occult hemoglobin will often
remain sequestered and inaccessible for analysis within
the sample material. Adlercreutz’s process i1s best em-
ployed with samples of fecal material having abundant
occult hemoglobin uniformly distributed within the
sample. |

If a solid or semisolid sample is unhomogenized and 1if
analyte is distributed inhomogeniously within the sam-
ple, the relative inaccessibility of analyte within the
sample may render a measurement of analyte unrepre-
sentative of the whole sample. What is needed 1s a de-
vice which can homogenize or disperse compositions
within this class and which can analyze the resultant
homogenate employing solid phase immunoassay tech-
nology. In those cases where the sample is noxious or
hazardous, it would also be preferred that the sample
remain isolated within the device during the assay pro-
cess.
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2
SUMMARY OF THE INVENTION

The present invention discloses an immunoassay 1n-
cubation device and method for homogenizing solid or
semisolid compositions and analyzing the resultant ho-
mogenate using solid phase immunoassay techniques.
The immunoassay incubation device includes a homog-
enization vessel for homogenizing the sample and an
insert positioned within the vessel for providing an
incubation chamber for solid phase immunological rea-
gents. An essential feature of the immunoassay incuba-
tion device is a screen incorporated into the insert
which passes extracted components, including analyte,
from the homogenate into the incubation chamber
while screening out unextracted components. The pres-
ent invention discloses that homogenization alone can
either enhance or diminish the sensitivity and accuracy
of a solid phase immunoassay, depending upon the char-
acteristics of the particular sample being analyzed. On
the one hand, homogenization may enhance the sensi-
tivity of an assay by increasing the accessibihity and
uniformity of extracted components, including analyte.
On the other hand, homogenization can also diminish
the accuracy of the assay by increasing the presence and
accessibility of unextracted components. The invention
discloses that a screen can be employed with homoge-
nates to maintain the enhanced sensitivity of an assay
caused by the increased accessibility of analyte and, at
the same time, recapture the accuracy of the assay
which was diminished by the presence of unextracted
components.

There are several mechanisms whereby the accuracy
of an immunoassay can be diminished by the increased
presence of unextracted components. Unless unex-
tracted components are screened from the incubation
chamber, the increased presence of unextracted compo-
nents will increase the contact and nonspecific binding
between the unextracted components and the solid
phase immunological reagents and the underlying sup-
port for such solid phase immunological reagents. Such
increased contact and binding may physicaily block
analyte from binding to the same solid phase immuno-
logical reagents during the incubation step. If unex-
tracted components remain bound to the solid phase
immunological reagents after the incubation step, the
continued presence of such unextracted components
may block the binding of subsequently added antibody
reagents, i.e. reagents for labeling bound analyte. Alter-
natively, subsequently added antibody reagents may
bind nonspecifically to unremoved unextracted compo-
nents. Depending upon which mechanism predomi-
nates, the continued presence of unremoved unex-
tracted components after the incubation step may lead
to either diminished sensitivity or to false positive re-
sults. Unextracted components nonspecifically bound to
solid phase immunological reagents may be difficult to
remove after the incubation step. The present invention
discloses a device for enhancing and recapturing the
accuracy of solid phase immunoassays. The present
invention discloses an immunoassay incubation device
having a screen for passing analyte from a homogenate
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" into the incubation chamber while excluding the pas-
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sage of unextracted components from such chamber.
In a preferred embodiment, the immunoassay incuba-
tion device encloses the sample and isolates the sample
from the user during processing. This preferred embodi-
ment is particularly useful for analyzing hazardous or
noxious materials, e.g. fecal and diarrheal materials,
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sputum, sludge, vomitus, pus, biopsy and necropsy sam-
ples. This preferred embodiment isolates the user {from
exposure to noxious fumes, infectious agents, chemical
poisons, and the like arising from the sample during
homogenization and incubation. Additionally, the de-

vice minimizes the handling and transfer of the sample
material so as to minimize the opportunity for contami-

nation of the user through spillage, aerosol generation
and splashing.

The present invention discloses a device and a
method which employs homogenization for enhancing
the sensitivity and reliability of solid phase immunoas-
say techniques for analyzing solid and semisolid materi-
als. The present invention discloses the employment of
a screen for maintaining a separation between unex-
pected components and solid phase immunological rea-
gents. The present invention discloses a device and
method for integrating the steps of homogenization,
separation, and assay incubation. The present invention
discloses a device for enclosing noxious and hazardous
materials while performing these functions. The present
invention discloses an efficient method for measuring
sample material for homogenization. The present inven-
tion discloses a convenient transport vessel for unpro-
cessed or partially processed samples so that samples
may be collected, transported and tested at a later time.
The present invention discloses an efficient method for
prepackaging immunological reagents and nomimmuno-
logical test reagents into the incubation chamber.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a preferred embodi-
ment of the immunoassay incubation device.

FIG. 2 is a sectional view of the immunoassay 1ncuba-
tion device of FIG. 1, illustrating the configuration of
the dip stick within the insert.

FIG. 3 is an exploded view in perspective of the
immunoassay incubation device of FIG. 1.

FIG. 4 is a sectional view of the immunoassay incuba-
tion device of FIG. 2, illustrating the cap, the insert, and
the teeth for engaging the insert with the cap.

FIG. 5 is a sectional view of the immunoassay incuba-
tion device of FIG. 2, illustrating the vessel, the incuba-
tion chamber, and the bottom portion of the dip stick
which provides the underlying support for the sohd
phase immunological reagents.

FIG. 6 is a sectional view of the immunoassay incuba-
tion device of FIG. 2, illustrating the vessel, the scoop
for securing and transferring sample material, and the
vanes for homogenizing the sample.

FIG. 7 is partially a sectional view and partially a
perspective view of an alternative embodiment of the
immunoassay incubation device, illustrating grinding
members for homogenizing the sample.

FIG. 8 is partially a sectional view and partially a
perspective view of the immunoassay incubation device
of FIG. 2, illustrating the cap, the dip stick, and the
teeth for engaging the cap to the insert.

FIG. 9 is an exploded view in perspective of another
alternative embodiment of the immunoassay incubation
device illustrating a valve for controlling the flow of
homogenized sample from the extractor into the incuba-
tion chamber.

FIG. 10 is a sectional view of the immunoassay incu-
bation device of FIG. 9.

FIG. 11 is a sectional view of the immunoassay incu-
bation device of FIG. 9.
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FIG. 12 is a sectional view of the immunoassay 1ncu-
bation device of FIG. 9.

DETAILED DESCRIPTION

An exploded view of a preferred embodiment of the
immunoassay incubation device is illustrated in FIG. 3.
This preferred embodiment of the device is particularly
useful for homogenizing and analyzing fecal samples.
This preferred embodiment includes a vessel (1) having
an interior portion (2) for housing structural compo-
nents and containing homogenization fluids. An open-
ing (3) in the vessel (1) allows materials to be introduced
and removed from the interior portion (2). An insert (4)
is designed to fit within the interior portion of the vessel
(1). The insert (4) is hollow and defines an incubation
chamber (5). During an incubation procedure, the insert
(4) is positioned within the vessel (1) so that the incuba-
tion chamber (5) is partially emersed within the homog-
enate.

The insert (4) includes a screen (6). The screen (6) 1s
composed of a plurality of openings in the insert (4).
The function of the screen (6) is to allow fluid to pass
between the interior portion of the vessel (2) and the
incubation chamber (5), but to exclude the passage of
unextracted sample components from entry into the
incubation chamber (5). A preferred embodiment of the
screen (6) is illustrated in FIG. 3. The screen (6) 1s illus-
trated here as a plurality of vertical slots. These vertical
slots or apertures may be positively immersible with
respect to the liquid medium. To be positively immers-
ible means that both sides of the apertures are positively
immersible with respect to the 11qu1d medium which
adjacent faces these apertures, i.e. the apertures lie
below the topmost part of the liquid medium which
adjacently faces these apertures. The preferred width
for these slots is exaggerated in FIG. 3 for illustration
purposes. The actual preferred width for screening
unextracted components from homogenized human
fecal material is approximately 1 mm. However, the
holes of the screen (6) may have any geometry which
effectively excludes unextracted components while
allowing extracted components to pass freely.

In other words, the ability of the screen to exclude
unextracted components is determined by the cross
sectional diameter of the holes or apertures; while the
ability of extracted components or soluble analytes to
freely pass across the screen is determined by the cross
sectional area of the holes or apertures. Holes or aper-
tures with a relatively small cross sectional diameter are
desirable because they exclude even small diameter
unextracted components; while apertures with a large
cross sectional area are desirable because they allow
soluble analytes to pass more freely across the screen.
FIG. 3 illustrates a device having a screen (6) which has
both a relatively small cross sectional diameter and a
relatively large cross sectional area.

When the immunoassay incubation device i1s oper-
ated, one or more assay members (7) may be introduced
into the incubation chamber (5). These assay members
(7) are devices which have immunological reagents or
other binding reagents anchored on underlying solid
phase support. The example section below discloses
several immunoassay members (7) having immunologi-
cal reagents coated onto a solid phase. Examples of
antibody used for coating the assay members include
anti-E. histolytica, anti-chlamydia, anti-HSV, and anti-
human hemoglobin. The antibody may be either mono-
clonal or polyclonal. Methods for anchoring antibody




4,859,610

S

to a solid phase support are provided in the example
section. The performance of these solid phase immuno-
logical reagents can be impaired by direct contact with
solid or semisolid sample material and by contact with
unextracted components within an homogenate ot such
solid or semisolid sample material. It is the essential
function of the screen (6) to shield assay members (7)
incubating within the incubation chamber (§) from
contact with unextracted sample components.

FIG’S. 2 and 6 illustrate a scoop (8) extending from
the bottom of the insert (4) for securing a reproducible
volume or reasonably reproducible volume of the sam-
ple material. A reproducible volume of sample material
is secured by pressing the scoop (8) into the sample
material removing a plug. Once a plug of sample mate-
rial is secured in the scoop (8), the plug is then trans-
ferred to the vessel (1) together with the insert (4).
When the insert (4) is introduced into the vessel (1), 1t 18
axially centered with the vessel (1) by inserting the
stationary vane (9) into the scoop (8) and interlocking
the stationary vane (9) with the rotatable vanes (10).
The stationary vane is fixed to the bottom of the interior
of the vessel (1). The rotatable vanes (10) are nested
within the scoop (8) and are fixed to the insert (4),
which is rotatable within the vessel (1).

This arrangement of rotatable and stationary vanes is
one possible embodiment of the means for extracting
the sample analyte.

Homogenization of the sample plug is achieved by
pipetting a buffer solution into the vessel (1) and rotat-
ing the insert (4) approximately 90 to 120 degrees in
alternating directions with a back and forth motion for
about twenty cycles. The interlocking vanes (9 & 10)
disperse and homogenize the plug. The homogenized

material escapes from the scoop (8) during the homoge-

nization process through slots (11). The homogeniza-
tion process extracts soluble and particulate matter from
the sample. However, if the sample includes unextracta-
ble components or difficult to extract components,
these components may also escape through the slots
(11) and enter the homogenate. It is an essential feature
of this invention that these unextracted components are
excluded from the incubation chamber (S).

FIG. 7 illustrates an alternative embodiment of the
homogenization means. This embodiment has special
application for homogenizing tissue samples and other
materials that are difficult to disperse. A fixed grinding
member (12) is attached to the bottom of the vessel (1)
and a rotatable grinding member (13) is nested within
the scoop (8) and attached to the insert (4). When the
scoop (8) is introduced into the vessel (1) with a plug of
tissue sample, rotation of the insert (4) with respect to
the vessel (1) while exerting downward pressure will
extract soluble and particulate components from the
plug and will cause these components to escape through
the slots (11) and be dispersed into the homogenization
fluid. FIG. 7 illustrates congruent grinding surfaces for
homogenizing sample material. However, fixed and
rotatable serrated surfaces juxtaposed to one another
may also be employed for homogenizing sample materi-
als which are difficult to disperse.

These arrangements of congruent fixed and rotatable
grinding members or fixed and rotatable serrated sur-
faces are possible embodiments of the means for extract-
ing the sample analyte.

In an alternative embodiment not shown in the draw-
ings, the vessel (1) and the insert (4) are adapted for
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6

extracting material from swabs. A detailed description
of this embodiment is provided in Examples 4 and 5.

If the immunoassay device is to be employed for
processing noxious or hazardous sample materials, the
device may include a cap (14). The cap (14) fits over the
insert (4) and covers the opening (3) of the vessel (1).
The cap (14) may include a dip stick (15). The dip stick
(15) is a shaft structure which attached to the cap (14)
and extends downward into the incubation chamber (35).
The dip stick (15) is employed for introducing the assay
member (7) into the incubation chamber (5). In the
preferred mode, when the cap (4) is replaced on the
vessel (1), the dip stick (15) will extend into the incuba-
tion chamber (5) with the assay member (7) positioned
in the bottom half of the incubation chamber. The assay
member (7) includes an immunologically sensitized
solid phase structure or other binding reagents for de-
tecting analytes extracted from the sample. The under-
lying solid phase support of the assay member (7) may
be constructed from the bottom portion of the shaft of
the dip stick (15) or may be constructed from other
structures, e.g. balls, beads or other structures. In alter-
native embodiments of the invention, the assay member
(7) need not be attached to a dip stick (15). When nox-
ious or hazardous materials are analyzed, the cap (14)
serves to enclose the contents of the vessel (1) and also
serves as a convenient handle for the dip stick (15).

In a preferred embodiment, the cap (14) may be en-
gaged with the insert (4) for transmitting rotational
motion. When complimentary gear teeth (16 & 17) on
the cap (14) and the insert (4) are intermeshed, the cap
(14) becomes engaged with the insert (4). Rotating the
cap (14) will then cause the insert (4) to rotate. This
preferred embodiment may also include a seal (18) for
sealing the cap (14) to the vessel (1) so as to enclose
noxious or hazardous materials within the vessel (1)
during the homogenization and incubation processes.
Support structures (19) on the outside of the vessel (1)
help the user to maintain a grip on the vessel (1) with
one hand while rotating the cap (14) with the other
hand.

An alternative embodiment of the invention includes
a well (20) in the bottom of the incubation chamber (35).
In a preferred embodiment, the well (20) extends below
the screen (6) about 3 mm. Immunoassay incubation
devices with such wells (20) may be manufactured with
a deposit of dried reagents therein. Protocols for depos-
iting a number of dried agents are disclosed in the Ex-
ample section (infra). Typically, these dried reagents
will include antibody enzyme conjugates for labeling
analyte which binds to the assay member (7). Preferred
enzyme labels include horseradish peroxidase, glucose
oxidase, and alkaline phosphatase.

Another alternative embodiment of the invention
includes valve means for controlling the passage of
sample fluid from the vessel (1) into the incubation
chamber (5). For certain samples, 1t 1s advantageous to
wait until the homogenization process 1s completed
before allowing the sample fluid to pass into the incuba-
tion chamber (5). The valve means may include a de-
pression (21) in the wall of the vessel (1) and a small
hole (22) passing through the wall of the incubation
chamber (5). In the preferred version of this alternative
embodiment, the small hole (22) passes through a protu-
berance (23) arising radially from the wall of the incuba-
tion chamber (5). When it is desired to pass homoge-
nized sample fluid from the vessel (1) into the incuba-
tion chamber (5), the insert (4) is rotated until the de-
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pression (21) and the hole (22) become aligned. The
insert (4) may include multiple protuberances (23) sym-
metrically arrayed around the exterior wall of the incu-
bation chamber (5) for maintaining a constant space
between thie insert (4) and the vessel (1). However, not
all protuberances (23) necessarily have a corresponding
hole (22).

The insert (3) of this alternative embodiment may
include two or more normal stops (24) and a final stop
(25). When the insert (3) is fully inserted into the vessel
(1), the normal stops (24) define the limits of the rota-
tional movement of the insert (3) within the vessel (1)
for homogenizing the sample. As the insert (3) is twisted
within the vessel (1), a normal stop (24) will come into
contact with a stationary vane (9), thereby preventing
further rotation. If the insert (3) is slightly raised within
the vessel (1),. the insert may then be further rotated,
passing by the normal stop (24), until the stationary
vane (9) contacts the final stop (25). When the final stop
(25) abuts the stationary vane (9), the depression (21)
will align with the hole (22), thereby allowing fluid to
pass from the vessel (1) into the incubation chamber (4).

This alternative embodiment may also include sepa-
rate incubation chambers (26 & 27) separated by a parti-
tion (28). The first incubation chamber (26) 1s employed
for exposing the dip stick (15) to the homogenized sam-
ple fluid. The second and subsequent incubation cham-
bers (27) are employed for developing the color reac-
tion on the dip stick (15) after it has been exposed. The
valve means opens only into the first incubation cham-
ber (26). Since the subsequent incubation chambers (27)
are filled with development reagents, sample fluid 1s
specifically excluded from these chambers (27). A seal-
ing means, such as Mylar foil (29), may be employed to
prevent contamination of the subsequent incubation
chambers with sample fluid. In this embodiment, the dip
stick (18) is positioned eccentrically with respect to the
cap (14) so that the solid phase assay member (7) can be
positioned within each one of the incubation chambers
in turn. Protocols for the use of this embodiment of the
invention are disclosed below in the Examples section,
with particular reference to the use of the device for the
detection of human hemoglobin.

Examples of the application- of this invention are
provided below. These examples are meant to be illus-
trative only and are not meant to limit the invention to
the examples provided.

EXAMPLE 1

An immunoassay incubation device for detecting the
presence of Entamoeba histolytica (E. histolytica) anti-
gen 1in human stool samples may be constructed gener-
ally as illustrated in FIG. 2. The device includes a vessel
(1) having fixed one or more homogenization vanes (9)
attached to the bottom of the vessel (1). The bottom
portion of the insert (4) has a scoop (8) and one or more
rotatable homogenization vanes (10) nested within the
scoop (8). The scoop (8) allows for precise or reason-
ably precise measurement of sample when the insert (4)
1s pressed 1nto a stool sample. After sample maternal is
secured In the scoop (8), the insert (4) may be intro-
duced into the vessel (1). The fixed and rotatable ho-
mogenization vanes (9 & 10) become interlocked with
one another when the insert (4) 1s introduced into the
vessel (1). The device also includes a tightly fitting cap
(14) which covers the insert (4) and seals the opening (2)
of the vessel (1). The cap (14) and the insert (4) are
engageable by interlocking teeth (16 & 17). When the
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8
cap (14) and the insert (4) are engaged, the cap (14) may

be employed for rotating the insert (4) and homogeniz-
ing the sample. A dip stick (15) protrudes from the
under side of the cap (14) and descends into the incuba-
tion chamber (5) of the insert (4) so as to approach the

bottom of the incubation chamber (20).
Immunological dip sticks (15) with immunologically

sensitized assay members (7) may be constructed by
coating flattened polystyrene shafts with monoclonal
anti-E. histolytica antibody (Synbiotics Catalog No.
15001). Polystyrene shafts, having approximate dimen-
sions of 1 mm X 5 mm X 3 cm, are placed, one each, into
10X 75 mm disposable test tubes to a depth of 0.5 cm in
a solution of monoclonal anti-E. histolytica antibody
(2-4 micrograms/m1) in pH 9.2 sodium borate buffer.
Passive absorption of antibody onto the surface of the
polystyrene shaft occurs when the bottom 0.5 cm por-
tion of each shaft is allowed to contact the antibody
solution for a period of three or four hours at room
temperature. After this absorption process, the shafts
are removed for the first set of 10X 75 mm test tubes and
placed, one each, into a second set of 10X 75 mm test
tubes to a depth of 1.0 ¢cm in a solution of 1% bovine
serum albumin (BSA), pH 7.4 PBS. After three hours,
the shafts are removed from the BSA solution, washed
in 0.05% Tween-20, PBS, and allowed to dry at ambient
temperatures for 4 hours. Treatment with BSA reduces
nonspecific binding to the antibody coated portion of
the shaft during subsequent immunoassays. The sensi-
tized dip sticks (15) may then be attached to caps (14).
The bottom 0.5 cm portion of each dip stick (15}, 1.e. the
portion coated with antibody, comprises the immunoas-
say member (7). The length of the dip stick (15) 1is
chosen so that the immunoassay member (7) lies within
the bottom half of the incubation chamber (5) when the
dip stick (15) is inserted into the incubation chamber (5)
and the cap (14) is sealed to the vessel (1) and engaged
to the insert (4).

After a measured portion of sample material 15 se-
cured by the scoop (8) and introduced into the vessel
(1), 2 mils of phosphate buffered saline, pH 7.4 (PBS) 1s
added to the vessel (1). The 2 mls of PBS submerges the
stool sample within the scoop (8) and flows both 1nside
and outside the incubation chamber (5). The vessel (1) 1s
then sealed with the cap (14) and the cap (14) 1s engaged
with the insert (4). The sample is then homogenized by
rotating the insert (4) with a back and forth motion
approximately 90-120 degrees in either direction. Ho-
mogenization of the stool sample in the PBS 1s complete
after approximately 15 rotational cycles. If the device
were uncapped, extracted stool sample could be seen to
fill the incubation chamber (5) during the homogeniza-
tion process. A screen composed of slots (6) in the side
of the insert (4) allows extracted antigen from the ho-
mogenized sample to pass from the vessel (1) into the
incubation chamber (8) while excluding unextracted
components. The slots (6) prevent contact between
unextracted components of the sampie material and the
immunological dip stick (15) in the incubation chamber
(5). The slots (6) should be sufficient in number and
should have sufficient lengths and widths so as to allow
easy transfer of liquid between the interior portion of
the vessel (2) and the incubation chamber (5). A pre-
ferred immunoassay incubation device for analyzing
human fecal samples has four vertical slots running the
length of the incubation chamber 95) and having widths
of approximately 1 mm. The screening capacity of this
preferred device is known to be sufficient to screen the

p—
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entry of unextracted human fecal components into the
incubation chamber (5). However, immunoassay incu-
bation devices having screens (6) with other shapes,
sizes, and pluralities may also be employed, particularly
for analyzing sample sources other then human fecal
material.

After homogenizing the sample material, the immu-
noassay member (7) is allowed to incubate for 15 min-
utes in the incubation chamber (5) with the extracted
components of the fecal sample. During this incubation,
analyte from the extracted fecal sample binds specifi-
cally to the assay member (7) portion of the dip stick.
The cap (14) and dip stick (15) are then removed and
withdrawn and the dip stick (15) is washed under cold
tap water to remove unbound components. In a second
incubation, bound analyte on the washed dip stick is
then labeled using an enzyme conjugate. Horseradish
peroxidase (HRP) covalently coupled to monoclonal
anti-E. histolytica antibody may be employed as the
enzyme conjugate. Anti-E. histolytica-HRP may be
prepared according to the method of Nakane, et al.
(Nakane, P. XK., and Kawaio, A. T., Histochem and
Cytochem, Vol. 22, 1084 (1974)).

After incubating the dip stick with enzyme conjugate
for approximately 15 minutes, the dip stick is washed
again under cold tap water to remove unbound enzyme
conjugate. The enzyme conjugate which labels the
analyte bound on the dip stick is then color developed.
The dip stick is inserted into a substrate solution, €.g.
phosphate buffered saline (PBS) containing 0.5 mg per
milliliters of 4-chloronaphthol and 1.5 mM hydrogen
peroxide, or 1.5 mM urea peroxide. Blue color depos-
ited on the dip stick indicates the presence of E. histo-
lytica antigen within the fecal sample.

The user may wish to compare the color reaction
from test fecal material with the color reactions of con-
trol fecal material which is free of E. histolytica antigen
and to which E. histolytica antigen has been added. In
the later case, 500 trophs of E. histolytica antigen (ICN
Medical Laboratories, Inc.; Portland, Oregon) may be
added to 1 milliliter of fecal material. When control
fecal material without E. histolytica antigen is tested
according to the above method, no blue color 1s seen to
deposit on the surface of the dip stick. When control
fecal material having E. histolytica antigen added is
tested, blue color is seen to deposit on the surface of the
dip stick, indicating the presence of bound E. histolytica
antigen.

EXAMPLE 2

The device and method for detecting E. histolytica
antigen in human fecal material, as described in Exam-
ple 1, may be modified by employing an alternative
substrate for color development of bound HRP-mono-
clonal anti-E. histolytica antibody conjugate, viz. a
solution of 0.2 mg per ml of ABTS (azino-6-benzthiazo-
line-6 sulfonate) and 1.5 mM hydrogen peroxide in PBS
may be substituted for the 4-chloronaphthol substrate.
When a dip stick having bound analyte labeled with the
HRP enzyme conjugate is contacted with this ABTS/-
peroxide substrate solution, a biue-green color develops
in the substrate liquid. When control fecal materal
without E. histolytica antigen is tested by this method,
no blue-green color is seen to develop in the substrate
solution within a 15 minute reaction time. When control
feed material with 1000 trophs of added E. histolytica
antigen is processed by this method, a blue-green color
is seen to form in the substrate solution.
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EXAMPLE 3

The immunoassay incubation device and method for
detecting E. histolytica antigen in human fecal samples,
as described in Examples 1 and 2, may be modified by
substituting a coated polystyrene sphere for the coated
dip stick (15). Coated polystyrene spheres may be pre-
pared by soaking polystyrene spheres, e.g. 5/16" In
diameter (Precision Plastic Ball Co.; Chicago, Ill.) in a
solution of 1-2 micrograms/ml of anti-E. histolytica
monoclonal antibody, in sodium borate buffer, pH 5.2.
After soaking four hours, anti-E. histolytica monoclonal
antibody has passively absorbed onto the surface of the
polystyrene spheres. The coated spheres are then re-
moved from the antibody solution and soaked in a sec-
ond solution of 1% bovine serum albumin (BSA) in PBS
for three hours. Coating the spheres with BSA reduces
nonspecific binding to the coated spheres. The spheres
are then washed in distilled water and dried at ambient
temperature overnight. The uniformity of the coating is
improved if the spheres are moved continuously by
slow rotation during both soaking steps. A conventional
laboratory bench rocker may be employed for rotating
the spheres during the soaking steps. It is convenient to
carry out the soaking steps in T75 tissue culture-type
flasks (Falcon Plastics or equivalent).

If a coated sphere is substituted for a coated dip stick
(15), the immunoassay procedure described in examples
1 and 2 may also be modified. After the fecal sampie i1s
homogenated, the coated sphere may be introduced into
the incubation chamber (5) and incubated with the ex-
tracted components of the homogenate for approxi-
mately 20 minutes in order to provide an opportumty
for E. histolytica antigen to bind to the coated sphere.
After this first incubation step, the sphere 1s then re- -
moved from the incubation chamber (5), preferably
with forceps, and placed into a clean test tube. The
sphere is then washed three times with cold distilled
water to remove unbound components. The washed
coated sphere is then incubated for 20 minutes In a
solution of anti-E. histolytica-HRP enzyme conjugate
(0.5 ml), as provided in Examples 1 and 2, 1n order to
iabel the bound E. histolytica antigen. After this second
incubation, the sphere is washed once again with cold
distilled water to remove unbound enzyme conjugate.
The HRP labeled spheres are then color developed, as
described in Examples 1 or 2, using the 4-chloronaph-
thol or ABTS substrates, to detect the presence of E.
histolytica antigen in the fecal sample.

EXAMPLE 4

An immunoassay incubation device may be specially
constructed for detecting sample material which con-
tains Chlamydia trachomatis and which 1s collected and
carried on a sample collection swab. Such an immuno-
assay incubation device includes a mechanism for ex-
tracting microbial sample material from sample collec-
tion swabs and includes a dip stick (15) sensitized for
detecting Chlamydia trachomatis antigen.

An immunoassay incubation device which is con-
structed for extracting sample material from swabs
should include access for such swabs between the insert
(4) and the vessel (1). The device should include a clear-
ance of approximately 4 mm between the outer wall of
the insert (4) and the inner wall of the vessel (1), i.c.
sufficient clearance for the swab to fit snugly. An insert
(4) introduced into the vessel (1) should be axially cen-
tered within the vessel (1) and rotatable. The screen (6)
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for this insert (4) may include approximately twenty
holes in the lower half of the insert for allowing liquid
to freely pass between the incubation chamber (5) and
the lower portion of the vessel (2). The lower half of the
insert (4) and/or the vessel (1) should also include one
or more columnar protrusions rising from the wall of
the the insert (4) and/or the vessel (1). When a swab 1s
introduced into the device and the insert (4) 1s rotated
with respect to the vessel (1), the swab also rotates and
rolls across the columnar protrusions, causing sample
material to be squeezed from the swab.

To operate the device, a swab ladened with sample
material is first placed into the vessel (1). Sample mate-
rial may consist of chlamydial elementary bodies ob-
tained from a culture of McCoy cells infected with
Chlamydia trachomatis L2 (ATCC Cat. VR902B)
grown in DMEM medium at 37 degrees centigrade
with 10% CO(2), passaged in 24 hour intervals. The
cotton portion of the swab, ladened with sampled mate-
rial, should be positioned in the bottom half of the vessel
(1) with its axis parallel to the axis of the vessel (1). The
insert (4) is then introduced into the vessel (1) and axi-
ally fixed. The swab then lies between the insert (4) and
the vessel (1). A volume of PBS is then added to the
vessel (1), so as to submerse the swab. This liquid tlows
freely between the incubation chamber (§) and the ves-
sel (1). The insert (4) is then rotated approximately 180
degrees back and forth about twenty times. This motion
results in an alternate squeezing and release of the swab
as it rotates between the columnar protrusions and the
opposing wall of the insert (4) and/or vessel (1). In this
way, the liquid in the swab containing the infectious
organisms is efficiently extracted from the swab and
suspended into the extracting medium. When this ex-
traction is completed, the swab is removed and a poly-
styrene dip stick (15) is introduced into the incubation
chamber (5) in order to assay analyte extracted from the
swab.

The dip stick (15) can be constructed using the same
method as described in Example 1, except that mono-
clonal anti-chlamydial antibodies are substituted for
monoclonal anti-E. histolytica antibodies. Monoclonal
anti-chlamydial antibodies are prepared by injection of
Chlamydia trachomatis, L2 strain (ATCC, Cat. No.
VR902B) into Balb/c mice (Jackson laboratories). Fu-
sion of the resulting immune spleen cells and production
of monoclonal antibodies is conducted according to the
procedure described by Kohler & Milstein. The resul-
tant monoclonal anti-chlamydial antibodies are then
employed to construct dip sticks (15), as described In
Example 1.

The immunoassay incubation devices can be prepack-
aged with antibody enzyme conjugate for labeling
bound chlamydia antigen, e.g., HRP-anti-chlamydia
monoclonal antibody conjugate. In a device prepack-
aged with enzyme conjugate, the screen (6) does not
extend below a 3 mm margin above the bottom of the
incubation chamber (5), such that a well (20) 1s present
which allows a small amount of reagent to be deposited
and maintained. The HRP-anti-chlamydia monoclonal
antibody conjugate, prepared according to the method
of Nakane (supra), is dissolved 0.5 mg per ml in 1%
sucrose solutions containing 0.05% Tween-20. One
hundred microliters of this solution is then dispensed
into the well (20) of each incubation chamber (5) and
allowed to dry overnight.

When PBS is added to the vessel (1) for extracting
sample material from the swab, the antibody-enzyme
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conjugate, previously deposited and dried in the well
(20) of the incubation chamber (5), redissolves and re-
acts with extracted chlamydial antigen. Extracted
chlamydial antigen which also binds to the solid phase
immunological reagent, i.e. the monoclonal anti-
chlamydia antibody coated onto the polystyrene dip
stick (15), will be either prelabeled or subsequently
labeled with the HRP-anti-chlamydia antibody conju-
gate. Bound chlamydial antigen will form a sandwich
consisting of polystyrene immobilized antibody-
chlamydial antigen-monoclonal enzyme conjugate.

After extracting sample material from the swab and
incubating the extract with the dip stick (15) for a per-
iod of two hours, the dip stick (15) 1s then removed and
washed under a stream of distilled water. The HRP
label which remains bound to the dip stick (15) is then
color developed to detect the presence of chlamydial
antigen. The dip stick (15) may be color developed
using either the ABTS/peroxide substrate, described in
Example 2, or the 4-chloronaphthol/peroxidase solu-
tion described in Example 1. When a swab which had
been contacted with tissue culture medium of McCoy
cells infected with Chlamydia trachomatis 1s extracted
and tested using the ABTS assay procedure, a blue-
green color is found to be generated in the substrate
solution after approximately 3 hour; the substrate solu-
tions obtained from swabs without chlamydial antigen
remain clear. When a swab with chlamydial antigen 1s
extracted and tested using the 4-chloronaphthol assay
procedure, a blue color is seen to adhere to the surtace
of the dip stick; no blue color is seen to form on the
surface of the dip stick when swabs without chlamydial
antigen are tested.

EXAMPLE 5
Detection of Herpes II Antigen

An immunoassay incubation device may be specifi-
cally constructed for detecting sample material which
contains herpes simplex virus and which is collected
and carried on a sample collection swab. The structure
of the device may be identical to the structure described
in Example 4. However, the chemistry of the devices
differ because the dip stick (15) of the present device is
immunologically sensitized to detect herpes simplex
virus antigen (HSV) and the well (20) of the incubation
chamber (5) includes a dried deposit of soluble enzyme
antibody conjugate having a specificity for labeling
herpes simplex virus antigen.

The dips stick (15) may be constructed using the same
method as described in Example 1, except that poly-
clonal antibodies to herpes simplex virus are substituted
for monoclonal anti-I. histolytica antibodies.

The antibody enzyme conjugate may be constructed
from a conjugation between anti-HSV 11 monoclonal
antibody (obtained from cell line 105S, National Cancer
Institute, Bethesda, Maryland) and glucose oxidase.
The glucose oxidase is coupled to anti-HSV 1I mono-
clonal antibody according to the procedure of Nakane
(supra). The antibody enzyme conjugate 1s dissolved 0.5
mg per ml in 1% glucose solutions contaiming 0.05%
Tween-20. 100 microliter aliquots of the solution are
dispensed into the well (20) of each incubation chamber
(5) and allowed to dry overnight.

The assay procedure begins by absorbing sample
material with a sterile swab. Sample material may be

obtained from the media of a cuiture of VERO cells
(ATCC Catalog Number CCL81) grown in DMEM
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medium at 37 degrees centigrade, 10% CO(2), and 1n-

fected with herpes simplex virus II (ATCC Catalog
Number VR734). Media taken from uninfected VERO
cells grown under identical conditions may serve as a
negative control. The immunoassay incubation devices
are then employed to extract sample material from the
sample collection swabs using an aliquot of PBS, as
described in Example 4. The swab may then be kept in
place while a dip stick (15) is inserted into the incuba-
tion chamber (5) and allowed to incubate with the ex-
tracted swab solution for approximately 4 hours. Dur-
ing the extraction process and subsequent incubation
period, the deposit of dried antibody enzyme conjugate
in the well (20) of the incubation chamber (5) redis-
solves and reacts with herpes antigen extracted from the
swab. The glucose oxidase labeled herpes antigen forms
a sandwich with the coated dip stick (15), consisting of
the dip stick immobilized anti-HSV antibody, HSV
antigen, and monoclonal anti-HSV II glucose oxidase
conjugate.

After the incubation period, the dip stick (15) is color
developed to detect bound glucose oxidase and to de-
tect sample materials with HSV antigen. The dip stick
(15) is removed from the incubation chamber (5) and
washed under a stream of distilled water to remove
unbound antibody enzyme conjugate. The dip stick (15)
is then incubated in 1 ml of substrate solution, e.g. 110
mM glucose, 0.007 mg per ml horseradish peroxidase
(Sigma), and 0.2 mg per ml ABTS in PBS. After one
hour of incubation, if the sample material contains HSV
antigen, a blue-green color will be seen to develop in
this ABTS substrate solution. If the sample material
contains no HSV antigen or low levels of HSV antigen,
no color will be seen to develop in this ABTS substrate
solution. *

EXAMPLE 6
Detection of Human Hemoglobin

An immunoassay incubation device for detecting the
presence of hemoglobin from human stool samples may
be constructed generally as illustrated in FIGS. 9 and
10. The device includes three separate pieces: a homog-
enizer or vessel (1), an insert (4), and a cap (14) and dip
stick (15). The homogenizer is a round vessel of approx-
imately 4 milliliters capacity which has one or more
stationary vanes (9) on its floor to facilitate homogeni-
zation. The insert (4) is designed as one piece with two
separate functions. The scoop of sampler (8) is con-
stiructed as a dead-end tube located at the base of the
insert (4), which carries 4 to 8 narrow vertical slots (11)
running its length. The incubation chamber portion of
the insert is made up of two or three separate incubation
chambers or wells (26 & 27), one of which carries a
small hole (22) in its wall. The small hole (22) extends
radially through a protuberance (23) in the wall of the
insert and is occluded by contact with the wall of the
vessel (1). The vessel (1) includes a depression (21).
When the insert (4) is properly aligned with the vessel
(1), the hole (22) will align with the depression (21) and
sample fluid will pass from the vessel (1) into the first
incubation chamber (26). The other incubation chamber
or chambers (27) are sealed with Mylar foil (29), which
is to be punctured during use as described below. These
sealed incubation chambers (27) do not have a hole (22)
and cannot communicate with the vessel (1). The cap
(14) and dip stick (15) fit onto the top of the vessel (1) in
a water-tight manner; the dip stick (15) is attached to
the cap (14) and extends down into the incubation
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chamber (23) to within a few millimeters of the incuba-
tion chamber floor. The dip stick (15) 1s located eccen-
trically with respect to the cap (14) so that it may be
positioned in one or the other of the incubation cham-
bers (27 & 27) by proper rotation of the cap (14).

In use, a stool sample is placed in the vessel (1) by
means of the scoop or sampler (8); 2 mis of phosphate
buffered saline, as described above, is added, and the
stool sample is then homogenized by rotation of the cap
(14) from side to side. Horseradish peroxidase (HRP)
covalently coupled to anti-human hemoglobin antibody
is added to the homogenization fluid. This conjugate is
prepared by the method of Nakane et al. as described
above from anti-human hemoglobin antibody (Calbio-
chem-Behring Corp., La Jolla, Calif., U.S.A. or Austra-
lian Monoclonal Development Co.). Once homogeniza-
tion is complete, the cap (14) is turned back to its nor-
mal position and the hole (22) in the incubation chamber
(26) is thereby closed, preventing the leakage of rea-
gents out of the incubation chamber (26).

Once the homogenized sample fluid enters the first
incubation chamber (26), the assay member (7) becomes
exposed to sample antigens, including human hemoglo-
bin. The surface of the assay member (7) has previously
been coated with monoclonal mouse anti-human anti-
body (Australian Monoclonal Development Co.), as
described in earlier Examples. Consequently, when
exposed to the homogenized fluid sample, the assay
member (7) will then bind to any human hemoglobin
which is present therein. During the incubation process,
the anti-human hemoglobin conjugate of HRP will also
bind to the human hemoglobin, and, in turn, will be-
come linked, via the human hemoglobin, to the assay
member. The incubation of the assay member (7) with
the sample fluid is then allowed to proceed for approxi-
mately 15 minutes. |

The assay member (7) is then washed and inserted
into the second incubation chamber (27) for color de-
velopment. In order to enter the second incubation
chamber (27), the Mylar foil (29) covering the chamber
(27) must be punctured, preferably with the dip stick
(15). Either the chloronapthol substrate, as described in
Example 1, or the azino-6-benzthiazoline-6 sulfonate
substrate, as described in Example 2, may be used as
substrate for the anti-human hemoglobin conjugate of
HRP, which remains bound to the assay member (7) In
proportion to the presence of human hemoglobin in the
sample fluid.

Alternatively, if a device with three incubation cham-
bers (23) is used, the conjugate or detect antibody 1s not
added to the homogenization fluid but is present in the
second incubation chamber (27), and the substrate for
color development is present in the third incubation
chamber (27).

What is claimed is:

1. An immunoassay incubation device for extracting a
soluble analyte from a solid or semisolid sample into a
liquid medium, for separating the soluble analyte from
unextracted components of the solid or semisolid sam-
ple, and for assaying the soluble analyte, the device
comprising:

a vessel for receiving and containing the solid or

semisolid sample and the liquid medium,

a means for extracting the soluble analyte from the
solid or semisolid sample into the liquid medium,
said extraction means removably contained within
said vessel,
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an incubation chamber removably contained within
said vessel,

said incubation chamber defining one or more aper-
tures positively immersible within the liquid me-
dium of said vessel, the apertures having a cross
sectional area sufficiently large for passing detect-
able quantities of the soluble analyte and a cross
sectional diameter sufficiently small for blocking
passage of unextracted components between said
vessel and said incubation chamber, and

a solid phase assay member coated with a binding
immunological reagent inserted within said incuba-
tion chamber when assaying the soluble analyte
therein,

the apertures of said incubation chamber effectively
screening said solid phase assay member from
contact with unextracted components from said
vessel when said solid phase assay member is in-
serted into said incubation chamber.

2. An immunoassay incubation device as described in
claim 1 wherein the solid or semisolid sample is fecal
material and wherein:

the apertures have a cross sectional diameter of ap-
proximately one millimeter.

3. An immunoassay incubation device as described 1n

claim 2 wherein:

the binding immunological reagent is an anti-E. histo-
lytica antibody.

4. An immunoassay incubation device as described in

claim 2 whereln:

the binding immunological reagent is an anti-
chlamydia antibody.

5. The immunoassay incubation device as described

in claim 2 wherein:

the binding immunological reagent is an anti-HSV
aniibody.

6. An immunoassay incubation device as described in

claim 2 wherein:

the binding immunological reagent is an anti-human
hemoglobin antibody.

7. An immunoassay incubation device for extracting a
soluble analyte from a solid or semisolid sample 1nto a
liquid medium, for separating the soluble analyte fror
unexiracted components of the solid or semisolid sam-
ple, and for assaying the soluble analyte, the device
comprising:

a vessel for receiving and containing the solid or

semisolid sample and the liquid medium,

a means for extracting the soluble analyte from the
solid or semisolid sample into the liquid medium,
said extraction means removably contained within
said vessel,

an incubation chamber removably contained within
sald vessel,

said incubation chamber defining one or more aper-
tures positively immersible within the liquid me-
dium of said vessel, the apertures having a cross
sectional area sufficiently large for passing detect-
able quantities of the soluble analyte and a cross
sectional diameter sufficiently small for blocking
passage of unextracted components between said
vessel and said incubation chamber,

a solid phase assay member coated with a binding
immunological reagent inserted within said incuba-
tion chamber when assaying the soluble analyte
therein,

the apertures of said incubation chamber effectively
screening said solid phase assay member from
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contact with unextracted components from said
vessel when said solid phase assay member 1S In-
serted into said incubation chamber, and

a cap for sealing off said vessel,

said cap connected to and serving as a handle for said
solid phase assay member for positioning said solid
phase assay member within said incubation cham-
ber,

said cap engageable to said extraction means while
sealing off said vessel for actuating said extraction
means by means of rotational motion for extracting
the soluble analyte from the solid or semisolid sam-
ple within said vessel.

8. An immunoassay incubation device as described 1n

claim 7 wherein:

said extraction means includes one or more fixed
vanes attached to said vessel and one or more rotat-
able vanes attached to said incubation chamber for
extracting the sample into the liquid medium.

9. An immunoassay incubation device as described in

claim 7 wherein:

sald extraction means includes one or more fixed
grinding members attached to said vessel and one
or more rotatable grinding members attached to
said incubation chamber for extracting the sample
into the liquid medium.

10. An immunoassay incubation device as described

in claim 7 wherein:

said extraction means inciudes one or more fixed
serrated surfaces attached to said vessel and one or
more rotatable serrated surfaces attached to said
incubation chamber for extracting the sample into
the liquid medium.

11. An immunoassay incubation device as described
in claim 7 further comprising;:

a scoop for securing a plug of the solid or semisolid
sample, said scoop joined to sald incubation cham-
ber for introducing the plug of solid or semisolid
sample to said vessel.

12. An immunoassay incubation device as described

in claim 11 wherein:

said scoop is engagable with said extraction means for
supplying the plug of solid or semisolid sample to
said extraction means and for axially centering said
incubation chamber within said vessel.

13. An immunoassay incubation device as described

in claim 7 further comprising:

a means for defining a well within the incubation
chamber below the apertures for retaining a de-
posit of dried labelled immunological reagents.

14. An immunoassay incubation device as described
in claim 7 wherein:

sald solid phase assay member is incorporated onto a
dip stick, the dip stick being attached to said cap
and being inserted within the incubation chamber
with said cap attached to said vessel when assaying
the soluble analyte.

15. An immunoassay incubation device as described
in claim 7 for assaying two or more sample soluble
analytes wherein:

said solid phase assay member including two or more
separate subsections, each subsection differing
from the remaining subsections with respect to its
specificity for assaying the sample soluble analytes.

16. An immunoassay incubation device for extracting
a soluble analyte from a solid or semisolid sample into a
liquid medium, for separating the soluble analyte from
unextracted components of the solid or semisolid sam-
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ple, and for assaying the soluble analyte, the device

comprising:

a vessel for receiving and containing the solid or
semisolid sample and the liquid medium,

18

tion chamber when assaying the soluble analyte
therein,

said valve effectively screening said solid phase assay
member from contact with unextracted compo-

a means for extracting the soluble analyte from the 5 nents from said vessel when said solid phase assay
solid or semisolid sample into the liquid medium, member is inserted into said incubation chamber.
said extraction means removably contained within 18. An immunoassay incubation device as described
sgid VGSS:EL . o in claim 17 wherein:

an 11_1¢ubat10n chamber removably contained within said valve including a radial protuberance protruding
said vessel, | 10 outward from said incubation chamber, the radial

said incubation chamber defining one or more aper- protuberance defining a valve hole communicating
tures POSlt{VEIY immersible within the _ liquid me- between said incubation chamber and said vessel,
dium of said vessel, the apertures having a cross the valve hole occludable by contact with said
sectional area sufficiently large for passing detect- vessel, said vessel including a depression which,
able quantities of the soluble analyte and a cross 15 when aligned with the valve hole, opens the valve
sectional diameter sufficiently small or blocking hole for allowing the passage of liquid medium and
passage of unexiracted components between said soluble analyte from said vessel to said incubation
vessel and said incubation chamber, oo chamber while blocking the passage of unextracted

a solid phase assay member coated with a binding components.
immunological reagent inserted within said incuba- 20 49 A jmmunoassay incubation device as described
t;:)n E:hamber when assaying the soluble analyte in claim 17 further comprising:

tht emi’:’ £ srid incubati hamber effectivel a cap for sealing off said vessel,
€ aperiures of dsal lfgcuhasfona:saamnfemb:: froé said cap connected to and serving as a handle for said
SCICCNING Salc SOMUC PAase y . solid phase assay member for positioning said assay
contact with unextracted components from said 25 AP .

: ) o member within said incubation chamber,
vessel when said solid phase assay member 1s in- : . : .
: C o s : said cap engagable to said extraction means while
serted into said incubation chamber, Rt £F oo . . .

a cap for sealing off said vessel, sealing off said vessel fo_r actuating said extraction

said cap connected to and serving as a handle for said irllleansl bglmeanls ?f ;Otan?lf al I?%tmn for.extlz.rgctmg
solid phase assay member for positioning said solid 30 € Soluble analyle 1romm the SOld Of SCISONE Samm-

phase assay member within said incubation cham-
ber,

said cap engagable to said extraction means while
sealing off said vessel for actuating said extraction

ple within said vessel,
said cap engagable to said valve for opening and
closing said valve by means of rotational motion.
20. An immunoassay incubation device for extracting

a soluble analyte from a solid or semisolid sample into a
liquid medium, for separating the soluble analyte from
unextracted components of the solid or semisolid sam-
ple, and for assaying a soluble analyte, the device com-
prising:

a vessel for receiving and containing the solid or
semisolid sample and the liquid medium,

a means for extracting the soluble analyte from the
solid or semisolid sample into the liquid medium,
said extraction means removably contained within
said vessel, |

an incubation chamber removably contained within
said vessel,

a valve incorporated into said incubation chamber
immersible with said incubation chamber within
the liquid medium for controlling the passage of
the liquid medium and the soluble analyte and for

means by means of rotational motion for extracting 35
the soluble analyte from the solid or semisolid sam-
ple within said vessel,
said solid phase assay member incorporated onto an
elongated dip stick, the elongated dip stick at-
tached to said cap and insertable into the incuba- 40
tion chamber while said cap seals off said vessel,
and
a means for defining a well within the incubation
chamber below the apertures for retaining a de-
posit of dried labelled immunological reagents. 45
17. An immunoassay incubation device for extracting
a soluble analyte from a solid or semisolid sample into a
liquid medium, for separating the soluble analyte from
unextracted components of the solid or semisolid sam-
ple, and for assaying a soluble analyte, the device com- 50
prising:

a vessel for receiving and containing the solid or
semisolid sample and the liquid medium,

a means for extracting the soluble analyte from the
solid or semisolid sample into the liquid medium,
said extraction means removably contained within
said vessel,

an incubation chamber removably contained within
sald vessel,

a valve incorporated into said incubation chamber
immersible with said incubation chamber within
the liquid medium for controlling the passage of
the liquid medium and the soluble analyte and for
blocking the passage of unextracted components
between said vessel and said incubation chamber,
and

a solid phase assay member coated with a binding
immunological reagent inserted within said incuba-
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blocking the passage of unextracted components
between said vessel and said incubation chamber,

a solid phase assay member coated with a binding
immunological reagent inserted within said incuba-
tion chamber when assaying the soluble analyte
therein,

a cap for sealing off said vessel,

said cap connected to and serving as a handle for said
solid phase assay member for positioning said assay
member within said incubation chamber,

said cap engagable to said extraction means while
sealing off said vessel for actuating said extraction
means by means of rotational motion for extracting
the soluble analyte from the solid or semisolid sam-
ple within said vessel,

said cap engagable to said valve for opening and
closing said valve by means of rotational motion,
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a first stop for limiting the rotational motion of the
cap for maintaining said valve in a closed position
while actuating said extraction means, and

20

said solid phase assay member and detecting the
soluble analyte attached thereto.
22. A method for detecting a soluble analyte seques-

tered within a solid or semisolid sample, the method
5 comprising the following steps:
Step (a): loading an immunoassay incubation device
with a liquid medium,
Step (b): introducing the solid or semisolid sample
into the immunoassay incubation device, then
Step (c): extracting the soluble analyted from the
solid or semisolid sample into the liquid medium
within the immunoassay incubation device, then

a second stop beyond said first stop for maintaining

said valve in an open position.

21. An immunological incubation device for extract-
ing a soluble analyte from a solid or semisolid sample
into a liquid medium, for separating the soluble analyte
from unextracted components of the solid or semisolid |,
sample, and for assaying a soluble analyte, the device
comprising:

a vessel for receiving and containing the solid or
semisolid sample and the liquid medium,

Step (d): allowing the liquid medium and soluble
analyte to pass into an incubation chamber housed

a means for extracting the soluble analyte from the 15 within the immunoassay incubation device while
solid or semisolid sample into the liquid medium, blocking the passage of unextracted components
said extraction means containable within said ves- into the incubation chamber, then
sel, Step (e): contacting a solid phase assay member with

a first incubation chamber removably contained the soluble analyte, the solid phase assay member
within said vessel, 20 inserted within the incubation chamber and par-

a second incubation chamber removably contained tially submersed in liquid medium therein, the solid
within said vessel, phase‘assay member co.:atec_i with a binding immu-

labelled immunological reagents contained within ?}?;Eglcal reagent for binding the soluble analyte,
sald second mc_:ubatlon c.hamber, : . . 25  Step (f): removing the solid phase assay member from

a means for §ea.]1ng off said labelled 1mmuno}og1cal the incubation chamber, and then
reagents within second chamber for preventing the Step (g): measuring the soluble analyte bound to the
entry of the liquid medium into said second cham- solid phase assay member.
ber, 23. A method for detecting a soluble analyte as de-

a valve Incorporated into said first incubation cham- 30 scribed in claim 22 wherein-
ber immersible with said incubation chamber in Step (c) the extraction of the soluble analyte
within the liquid medium for controlling the pas- from the solid or semisolid sample is actuated by
sage of the liquid medium and the soluble analyte rotating a cap which also seals off the immunoassay
and for blocking the passage of unextracted com- incubation device.
ponents between said vessel and said first incuba- 35 24. A method for detecting a soluble analyte as de-
tion chamber, and scribed 1n claim 22 wherein:

a solid phase assay member coated with a binding in Step (d) the passage of liquid medium and soluble
immunological reagent inserted within said first la;nalyte mtc.} the 11ncubat10n chamber is controlled
: : : y means of a valve.

;Z?;f;ﬁ?erz;imber When assaying the soluble 40 2_5. A meth.od for detec_ting a soluble analyte as de-
said valve effectively screening said solid phase assay scpb%d = clam:}tl22 wherein:

member from contact with unextracted compo- n Step (g) the measurement of the solubl_e analyte

. : . bound to the solid phase assay member is accom-

nents fro_m .sald ves§el wh?n said -sohd pl}ase assay plished by inserting the solid phase assay member

member 1s inserted into said first incubation cham- 45 into a second incubation chamber housed within

ber, | the immunoassay incubation device, the second

Sald_SOhd phase assay member capable of breaking incubation chamber including a labelled immuno-
said sealing means and being inserted into said logical reagent and a means for sealing the labelled
second incubation chamber for contacting said immunological reagent within the second chamber.
labelled immunological reagents for developing 50 L B B
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